Background: Annexins are calcium and phospholipid binding proteins that form an evolutionary conserved multigene family. Considerable evidence indicates that annexin A10 (ANXA10) is involved in tumoral progression, although little is known about its role in human oral carcinogenesis. In this study, we investigated the involvement of ANXA10 in oral squamous cell carcinoma (OSCC).
Introduction
Annexins are calcium and phospholipid binding proteins that form an evolutionary conserved multigene family. Dysregulation of annexin family members has been reported in numerous cancers and affects patterns of cellular behaviors, such as proliferation, invasiveness, and cancer-related signaling pathways, suggesting that annexins may play important roles in tumoral development and progression [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Annexin A10 (ANXA10), an overexpressed gene in the oral squamous cell carcinomas (OSCC)-derived cellular lines in our previous microarray data [11] , has been implicated in cellular function in endocytosis and exocytosis; anticoagulant activity; interaction with the cytoskeleton; differentiation; and cellular proliferation [12, 13] ; and the relevance of malignancy in Barrett's esophagus, gastric cancer, and bladder cancer [14] [15] [16] .
Proliferation of human cancer cells is largely controlled in the G1 phase of the cellular cycle. The mitogen-activated protein kinase (MAPK) signaling cascades have emerged as major players in proliferation in various cancer cells [17] . Previous studies have reported that several annexins specifically modulate the extracellular regulated kinase (ERK)/MAPK signaling cascade upstream [18, 19] . ERK activation plays a fundamental role in G1/S transition [20, 21] . Members of the cyclin-dependent kinase (CDK) interacting protein/kinase inhibitory protein (Cip/Kip) family bind to cyclin-CDK complexes and inhibit their activities, leading to G1 cell-cycle arrest. Cyclin D1, cyclin E, p21 Kip1 , and p27
Kip1 levels are affected by multiple signaling pathways including the ERK/MAPK signaling pathway [22] [23] [24] [25] . However, the molecular mechanisms by which ANXA10 modulates these cellular responses have not been fully elucidated in OSCCs.
We report the results of a comprehensive analysis of aberrant expression of ANXA10 in OSCCs that are functionally and clinically linked to tumoral progression.
Results

Evaluation of ANXA10 mRNA and protein expression in OSCC-derived cellular lines
To investigate the expression status of ANXA10 identified as a cancer-related gene by our previous microarray data [11] , we performed quantitative real-time reverse transcription-PCR (qRT-PCR) and immunoblotting analyses using seven OSCC-derived cellular lines and human normal oral keratinocytes (HNOKs). ANXA10 mRNA and protein expression status were significantly up-regulated in all OSCC cellular lines compared with that in the HNOKs (Figure 1A , B; *p,0.05). Expression analysis indicated that both transcription and translation products of this molecule were highly expressed in OSCC-derived cellular lines.
Establishment of ANXA10 knockdown cells
Since ANXA10 expression was up-regulated in the OSCC cellular lines, we assumed that ANXA10 might play an important role in OSCCs. To assess the ANXA10 functions in vitro, an shRNA experiment was carried out using the Sa3 and Ho-1-u-1 cells. Expressions of ANXA10 mRNA and protein in the shANXA10-transfected cells were significantly lower than in the shMock-transfected cells (Sa3 and Ho-1-u-1-derived transfectant cells, Figure 2A , B; *p,0.05).
Functional analyses of ANXA10 knockdown cells
To evaluate the effect of ANXA10 knockdown on cellular growth, we performed a cellular proliferation assay. Transfected with the ANXA10 shRNA (shANXA10)-and the control shRNA (shMock)-transfected cells were seeded in six-well plates at a density of 1610 4 viable cells/well counted on 7 consecutive days. There was a significant decrease in cellular growth of the shANXA10-transfected cells compared with the shMock-transfected cells (Sa3 or Ho-1-u-1-derived transfectant cells, Figure 3 ; *p,0.05).
To investigate a potential underlying mechanism that would explain reduced cellular proliferation in the shANXA10-transfected cells, we assessed the ERK pathways, which are frequently up-regulated in endometrial and other cancers [26] [27] [28] [29] . Phosphorylated ERK (pERK) protein decreased significantly in shANXA10-transfected cells compared with shMock-transfected cells (Figure 4 ). These results suggested that the ERK signaling pathway is frequently attenuated in shANXA10-transfected cells.
To investigate the mechanism of cell-cycle progression in shANXA10-transfected cells, we performed flow cytometric analysis of shANXA10-transfected cells. The percentage of the G1 phase in shANXA10-transfected cells was significantly (p,0.05) higher than that in mock-transfected cells ( Figure 5A , B). We also assessed the expression level of cyclin-dependent kinase inhibitors (CDKIs: p21
Cip1 and p27
Kip1
), cyclin D1, cyclin E, CDK2, CDK4, and CDK6. As expected, while the CDKIs were up-regulated, a significant down-regulation of cyclin D1, cyclin E, CDK2, CDK4, and CDK6 were detected in shANXA10-transfected cells ( Figure 5C ). These results indicated that down-regulation of ANXA10 inhibited cellular proliferation by arresting the G1 phase.
Evaluation of ANXA10 expression in primary OSCCs
Representative immunohistochemistry (IHC) results for ANXA10 protein in normal oral tissue and primary OSCC are shown in Figure 6A -D. The ANXA10 IHC scores of the cytoplasm of primary OSCCs were significantly ( Figure 6E ; *p,0.001) higher than in normal tissues, in which the IHC scores of normal oral tissues and OSCCs ranged from 27.5 to 132.4 (median, 93.5) and 60.5 to 230.4 (median, 150.6), respectively. Table 1 shows the correlations between the clinicopathologic characteristics of the patients with OSCC and the status of ANXA10 protein expression using the IHC scoring system. 
Discussion
In the current study, ANXA10 was frequently overexpressed in OSCC-derived cellular lines, and down-regulation resulted in decreased cellular proliferation by inactivation of ERK. The cellcycle analysis also showed that G1 arrest occurred in ANXA10 knockdown cells through decreased CDKI (p21 Cip1 and p27 Kip1 ) expression. In addition, ANXA10 was frequently up-regulated in primary OSCCs and higher ANXA10 expression was associated with tumoral size (p = 0.027). These results indicated that ANXA10 is linked to regulation of the cell cycle in the G1 phase and plays an important role in tumoral progression in OSCCs.
Since oral carcinogenesis and other cancer types are thought to be multistep processes involving progressive disruption of epithelial cell proliferation, the mechanisms of cellular proliferation in tumoral cells are an important field of study for tumoral treatment and molecular cancer biology [30, 31] . Annexins, including ANXA10, have played important roles in tumoral development and progression [14] [15] [16] 18, 19] . However, no direct evidence has shown that ANXA10 is required for cellular proliferation. To determine whether ANXA10 function is relevant to OSCC progression, we performed functional studies using shRNA and found that suppression of ANXA10 significantly decreased cellular proliferation as a result of inhibited MAPK signaling pathway with down-regulation of pERK. The ERK/MAPK signaling pathway is related to many cellular processes, such as proliferation, differentiation, homeostasis, and cellular survival [17, 32] . Activation of the ERK/MAPK signaling pathway promotes abnormal cellular growth and tumorigenesis in multiple types of tumors. Our findings indicated that ANXA10 expression was relevant to phosphorylation of ERK and activation of the ERK/MAPK -dependent manner and most annexin functions are linked to their ability to interact with cellular membranes in a regulated manner [12, 13] . Based on these evidences combined with our results, we suggest that ANXA10 may affect intracellular Ca 2+ homeostasis and directly or indirectly interacts with the activation of ERK/MAPK signaling pathways.
In addition to the MAPK signaling pathway, OSCC cells with shANXA10 revealed cell-cycle arrest at the G1 phase with upregulation of p21
Cip1 and p27 Kip1 and down-regulation of cyclin D1 and cyclin E. The last two are also critical regulators of G1 progression and G1-S transition. Inhibiting their expression blocks G1-S transition in the cell cycle. The activities of the cyclin-CDK complexes are modulated by two types of CDKIs, Cip/Kip (p21 Cip1 and p27 Kip1 ), which regulates cell-cycle progression. Members of the Cip/Kip family bind to cyclin-CDK complexes and inhibit their activities, which leads to G1 cell-cycle arrest. Cyclin D1, cyclin E, p21 Kip1 , and p27 Kip1 levels are affected by multiple signaling pathways including the ERK/MAPK signaling pathway [25, 34] . Cyclin D1 and cyclin E are frequently upregulated in human cancers [35, 36] . The mechanism of activating ERK in nonadherent fibroblasts has been reported to affect cyclin D1 [37] . In other reports, activation of ERK leads to up-regulation of cyclin D1 [38] . The CDKIs, p21
Kip1 and p27 Kip1 , are frequently down-regulated in human cancers [39, 40] . The mechanism of ERK regulation of p21
Kip1 and p27 Kip1 remains unclear. ERK may directly phosphorylate p21
Kip1 and p27
Kip1 [41] [42] [43] . These data suggested that ANXA10 activates the MAPK signaling pathway by phosphorylating ERK and promotes the G1 cell cycle by down-regulating CDKIs in OSCC progression.
To date, the expression of ANXA10 in OSCC tissues and its correlation to clinicopathological features have not been elucidated. In our study, though the positive rates of ANXA10 in earlystage tumors were significantly low, the positive rates in advancedtumors were significantly increased; this strongly implies that ANXA10 may play an important role in cancer progression. Given that ANXA10 overexpression may predict malignancy, patient stratification by ANXA10 status may provide a more personalized approach to human oral cancer therapy.
In conclusion, our results indicated that ANXA10 is overexpressed frequently in OSCCs and that this overexpression may be associated with tumoral progression by promoting cell-cycle progression in the G1 phase through activation of the ERK/ MAPK signaling pathway, leading to decreased expression of CDKIs. While further studies are needed to study the interaction of ANXA10 and the ERK/MAPK signaling pathway, these data suggested that ANXA10 plays an important role in cellular proliferation and expression is likely to be a biomarker of progression and a potential therapeutic target for development of anticancer drugs in primary OSCCs.
Materials and Methods
Ethics Statement
The study protocol was approved by the Ethical Committee of Graduate School of Medicine, Chiba University (The approval number, 236) and was performed in accordance with the ethical standards laid down in the Declaration of Helsinki. Written informed consent was received from all patients.
OSCC cellular lines and tissue samples
The human OSCC cellular lines (HSC-2, HSC-3, HSC-4, KON, Ho-1-u-1, and Ca9-22) were purchased from the Human Science Research Resources Bank, Osaka, Japan. Sa3 was kindly provided by Dr. S. Fujita at Wakayama Medical University, Wakayama, Japan [44] . Primary cultured HNOKs served as normal controls [45] [46] [47] [48] [49] . All cells were maintained in Dulbecco's modified Eagle's medium/F-12 HAM (Sigma, St. Louis, MO, USA) supplemented with 10% fetal bovine serum (Sigma) and 50 units/ml penicillin and streptomycin (Sigma) in a humidified 5% CO 2 /air atmosphere at 37uC.
One hundred pairs of primary OSCC samples and corresponding normal oral epithelial tissues were obtained during surgeries at Chiba University Hospital, Chiba, Japan. All patients provided informed consent for use of the protocol, which the institutional review board of Chiba University reviewed and approved. The resected tissues were divided into two parts; one was frozen immediately and stored at 280uC until RNA isolation, and the second was fixed in 20% buffered formaldehyde solution for pathologic diagnosis and IHC. Histopathological diagnosis of each tissue was performed according to the World Health Organization criteria by the Department of Pathology, Chiba University Hospital. Clinicopathological staging was determined according to the tumor-node-metastases classification of the International Union against Cancer. All OSCC samples were confirmed histologically and checked to ensure the presence of tumoral in more than 80% of specimens.
Quantitative real-time reverse transcription-PCR
Total RNA was isolated using Trizol Reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. cDNA was generated from 5 mg of total RNA using Ready-To-Go You-Prime First-Strand Beads (GE Healthcare, Buckinghamshire, UK) and oligo (dT) primer (Hokkaido System Science, Sapporo, Japan) according to the manufacturer's instructions. qRT-PCR was performed to evaluate the expression level of ANXA10 mRNA in the OSCC-derived cellular lines and HNOKs. The expression levels were determined using primers and probes that were designed using the Universal Probe Library (Roche Diagnostics, Mannheim, Germany) following the manufacturer's recommendations. The primer sequences used for qRT-PCR were: ANXA10, forward 59-GCATCCATTATGGGATTGAAA-39, reverse 59-CAAAATGTTTTGTGGAGACTATGTG-39, and universal probe #24. All qRT-PCR was performed using a LightCyclerH 480 PCR system (Roche). Amplifications were initiated by a 10-minute pre-incubation at 95uC, followed by 45 cycles of 10 seconds at 95uC for template denaturation, 30 seconds at 55uC for primer annealing/extension and cooling for 30 seconds at 40uC. The transcript amount for the ANXA10 was estimated from the respective standard curves and normalized to the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (forward 59-CATCTCTGCCCCCTCTGCTGA-39cell, reverse 59-GGAT-GACCTTGCCCACAGCCT-39, and universal probe #60) transcript amount determined in corresponding samples.
Immunoblotting analysis
The cells were washed twice with cold phosphate-buffered saline (PBS) and centrifuged briefly. The cellular pellets were incubated at 4uC for 30 minutes in a lysis buffer (7 M urea, 2 M thiourea, 4% w/v CHAPS, and 10 mM Tris [pH 7.4]) with the proteinase inhibitor cocktail (Roche). The protein concentration was measured with a Bio-Rad Protein Assay (Bio-Rad Laboratories, Hercules, CA, USA). Protein extracts (20 mg) were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis in 4-12% gel, transferred to nitrocellulose membranes, and blocked for 1 hour at room temperature in Blocking One (Nacalai Tesque, Tokyo, Japan). The membranes were incubated with rabbit anti-ANXA10 polyclonal antibody (Abnova, Taipei, Taiwan), mouse anti-a-tubulin monoclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA. USA), mouse anti-ERK 1/2 monoclonal antibody (R&D Systems, Abingdon, UK), rabbit anti-phosphorylated ERK 1/2 monoclonal antibody (pERK, R&D systems), mouse anti-p21
Cip1 monoclonal antibody, rabbit anti-p27
Kip1 polyclonal antibody, mouse anti-Cyclin D1 monoclonal antibody (Cell Signaling Technology, Danvers, MA), mouse anti-Cyclin E monoclonal antibody (Santa Cruz Biotechnology), rabbit anti-CDK2 monoclonal antibody, mouse anti-CDK4 monoclonal Figure 5 . shANXA10 promotes G1 arrest. To investigate cell-cycle progression, we analyzed flow cytometric determination of DNA content by a FACScalibur in the G0-G1, S, and, G2-M phases. We determined the expression level of CDKIs (p21  Cip1 and p27   Kip1 ), cyclin D1, cyclin E, CDK2, CDK4, and CDK6 to identify the mechanism by which ANXA10 inhibits cell-cycle progression in the G1 phase. (A) After synchronizing at G0/G1 phase with deprived of serum, flow cytometric analysis was performed to investigate the cell cycle in the shANXA10-and shMock-transfected cells. The percentage of the G1 phase in the shANXA10-transfected cells (Sa3-and Ho-1-u-1-derived transfectants; 2 clones each) has increased markedly compared with the mock-transfected cells (p,0.05, Mann-Whitney's U test). (B) After synchronizing at G2/M phase to treated with nocodazol, flow cytometric analysis was performed to investigate the cell cycle in the shANXA10-and shMock-transfected cells. The percentage of the G1 phase in the shANXA10-transfected cells (Sa3-and Ho-1-u-1-derived transfectants; 2 clones each) has also increased markedly compared with the mocktransfected cells (p,0.05, Mann-Whitney's U test). (C) Immunoblotting analysis shows up-regulation of p21 Cip1 and p27
Kip1 and down-regulation of cyclin D1, cyclin E, CDK2, CDK4, and CDK6 in the shANXA10-transfected cells (Sa3-and Ho-1-u-1-derived transfectants; 2 clones each) compared with the shMock-transfected cells. doi:10.1371/journal.pone.0045510.g005 antibody, or mouse anti-CDK6 monoclonal antibody (Cell Signaling Technology) for 4 hours at room temperature. The membrane was washed with 0.1% Tween-20 in Tris-buffered saline, incubated with secondary antibody and coupled to horseradish peroxidase-conjugated anti-rabbit or anti-mouse IgG (Promega, Madison, WI, USA) for 1 hour at room temperature. The proteins were detected by SuperSignal Chemiluminescent substrate (Thermo, Waltham, MA, USA). Finally, the immunoblotting analysis results were visualized by exposing the membrane to a cooled CCD camera system (ATTO, Tokyo, Japan). Signal intensities were quantitated using the CS Analyzer version 3.0 (ATTO).
Transfection with shRNA plasmid
The OSCC cellular lines, Sa3 and Ho-1-u-1, in which ANXA10 protein expression was higher than in the other cellular lines, were stably transfected with the ANXA10 shRNA (shANXA10) or the control shRNA (shMock) (Santa Cruz Biotechnology) using Lipofectamine LTX and Plus Reagents (Invitrogen). The stable transfectants were isolated by the culture medium containing 2 mg/ml Puromycin (Invitrogen). Two to 3 weeks after transfection, viable colonies were picked up and transferred to new dishes. shANXA10-and shMock-transfected cells were used for further experiments.
Proliferation assays
To investigate the effect of ANXA10 knockdown on cellular proliferation, shANXA10-and shMock-transfected cells were seeded in six-well plates at a density of 1610 4 viable cells/well. At the indicated time points, the cells were trypsinized and counted in triplicate using a hemocytometer. Cell-cycle analysis
In order to synchronize cells at the G0/G1 or G2/M transition, the cells were deprived of serum for 48 hours or treated with 200 ng/ml nocodazole (Sigma) for 20 hours [50, 51] . To determine the cell-cycle distribution, the cells were harvested, washed with PBS, and probed with CycleTEST Plus DNA reagent kit (Becton-Dickinson, San Jose, CA, USA), according to the manufacturer's protocol. Briefly, the cells concentrated to 5610 5 cells/ml were centrifuged at 4006g for 5 minutes at room temperature. We added 250 ml of Solution A (trypsin buffer), and incubated the mixture for 10 minutes at room temperature. We then added 200 ml of Solution B (trypsin inhibitor and RNase in a buffer), and incubated the mixture for 10 minutes at room temperature. Finally, we added 200 ml of Solution C (propidium iodide stain solution), and incubated the mixture for 10 minutes in the dark on ice. Flow cytometric determination of DNA content was analyzed by FACScalibur (Becton-Dickinson). The fractions of the cells in the G0-G1, S, and G2-M phases were analyzed using FlowJo software (Tree Star, Ashland, OR, USA).
Immunohistochemistry
IHC was performed on 4-mm sections of paraffin-embedded specimens using rabbit anti-ANXA10 polyclonal antibody (Abnova). Briefly, after deparaffinization and hydration, the endogenous peroxidase activity was quenched by a 30-minute incubation in a mixture of 0.3% hydrogen peroxide solution in 100% methanol. The sections were blocked for 2 hours at room temperature with 1.5% blocking serum (Santa Cruz Biotechnology) in PBS before reacting with anti-ANXA10 antibody (1:1000 dilution) at 4uC in a moist chamber overnight. Upon incubation with the primary antibody, the specimens were washed three times in PBS and treated with Histofine Simplestain Max-PO (G) (Nichirei, Tokyo, Japan) followed by color development in 3,39-diaminobenzidine tetrahydrochloride (DAKO, Carpinteria, CA, USA). Finally, the slides were counterstained lightly with hematoxylin, dehydrated with ethanol, cleaned with xylene, and mounted. Nonspecific binding of the antibody to proteins other than the antigen sometimes occurred. As a negative control, triplicate sections were immunostained without exposure to primary antibody, which confirmed the staining specificity. To quantify the state of ANXA10 protein expression in those components, we used IHC scoring systems described previously [48, [52] [53] [54] [55] . The intensity of the ANXA10 immunoreaction was scored as follows: 1+, weak; 2+, moderate; and 3+, intense. The cellular numbers and the staining intensity then were multiplied to produce the ANXA10 IHC score. Cases with an ANXA10 IHC score exceeding 132.0 (+3 standard deviation (SD) score for normal tissue) were defined as ANXA10-positive. The 63 SD cutoff, which statistically is just 0.2% of the measurement and is expected to fall outside this range, was used because it was unlikely to be affected by a random experimental error produced by sample manipulation [56] . Two independent pathologists, neither of whom had knowledge of the patients' clinical status, made these judgments.
Statistical analysis
The significance of the ANXA10 expression levels was evaluated using Fisher's exact test or the Mann-Whitney U test. P,0.05 was considered statistically significant. The data are expressed as the mean 6 standard error of the mean (SEM).
